


Drinking Water Treatment

Public Water Systems

Publ ic Water Sys tems (PWSs)  come in al l  shapes 
and s izes,  and no two are exact ly  the same. They 
may be publ ic ly  or  pr ivate ly  owned and maintained. 
Whi le thei r  des ign may vary,  they al l  share the same 
goal:  providing safe,  re l iable dr ink ing water to 
the communi t ies they serve.  To do th is ,  most  water  
sys tems must  t reat  thei r  water.  The types of  t reatment 
provided by a speci f ic  PWS vary depending on the 
s ize of  the sys tem, whether they use ground water or 
sur face water,  and the qual i ty  of  the source water.

Tapping a Source of  Water

Large-scale water  supply sys tems tend to re ly  on 
sur face water  sources,  whi le smal ler  sys tems tend 
to re ly  on ground water.  Around 32 percent  of  the 
populat ion served by communi ty  water  sys tems 

(CWSs) dr ink 
water  that  
or ig inates as 
ground water.  
Ground water i s  
usual ly  pumped 
f rom wel ls  
ranging f rom 
shal low to deep 
(50 to 1,000 
feet ) .  The remaining 68 percent  of  the populat ion 
served by CWSs receive water  taken pr imar i ly  f rom 
sur face water sources l ike r ivers ,  lakes,  and reservoirs .

Treating Raw Water

The amount and type of  t reatment appl ied by a PWS 
var ies wi th the source type and qual i ty.  Many ground 
water sys tems can sat is fy  a l l  federal  requirements 
wi thout  apply ing any t reatment,  whi le others need 
to add chlor ine or addi t ional  t reatment.  US EPA 
is  developing a ground water ru le that  wi l l  speci fy  
the appropr iate use of  d is in fect ion and wi l l  address 
other components of  ground water sys tems to assure 
publ ic heal th protect ion. Because sur face water 
sys tems are exposed to di rect  wet  weather runof f  
and to the atmosphere and are therefore more eas i ly  
contaminated, federal  and s tate regulat ions require 
that  these sys tems t reat  thei r  water.  Dis infect ion 
of  dr ink ing water i s  one of  the major publ ic  
heal th advances of  the 20th century.  However,  the 
dis infectants  themselves can react  wi th natural ly  
occurr ing mater ia ls  in the water  to form unintended 
byproducts  which may pose heal th r i sks.  A major 
chal lenge for  water  suppl iers  i s  balancing the r isks 
f rom microbial  pathogens and dis infect ion byproducts .  
The Stage 1 Dis infectants  and Dis infect ion Byproducts  
Rule and the In ter im Enhanced Sur face Water 
Treatment Rule together address these r isks.

Water suppl iers  use a var ie ty  of  t reatment processes 
to remove contaminants f rom dr inking water.  These 
indiv idual  processes may be arranged in a “ t reatment 
t ra in” (a ser ies of  processes appl ied in sequence).  

All public water systems must have at least 15 
service connections or serve at least 25 people per 
day for 60 days of the year.

Drinking water standards apply to water systems 
differently based on their type and size:

Community Water System (there are approximately 
54,000) - A public water system that serves 
the same people year-round. Most residences 
including homes, apartments, and condominiums 
in cities, small towns, and mobile home parks are 
served by Community Water Systems.

Non-Community Water System - A public water 
system that serves the public but does not serve 
the same people year-round. There are two types 
of non-community systems:

Non-Transient Non-Community Water 
System (there are approximately 20,000) - A 
noncommunity water system that serves the same 
people more than six months per year, but not 
year-round, for example, a school with its own 
water supply is considered a non-transient system.

Transient non-community water system (there are 
approximately 89,000) - A non-community water 
system that serves the public but not the same 
individuals for more than six months, for example, 
a rest area or campground may be considered a 
transient water system.
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The most  commonly used processes inc lude f i l t ra t ion, 
f locculat ion and sedimentat ion, and dis infect ion for  
sur face water.  Some t reatment t ra ins also inc lude 
ion exchange and adsorpt ion. Water ut i l i t ies  se lect  a 
combinat ion of  t reatment processes most  appropr iate 
to t reat  the contaminants found in the raw water used 
by the sys tem.

Types of  Treatment

Flocculation/Sedimentation:  Flocculat ion 
refers  to water  t reatment processes that  combine or 
coagulate smal l  
par t ic les in to larger 
par t ic les,  which 
set t le out  of  the 
water  as sediment.  
Alum and i ron 
sal ts  or  synthet ic  
organic polymers 
(used alone or 
in combinat ion 
wi th metal  sal ts )  
are general ly  
used to promote 
coagulat ion. Set t l ing 
or sedimentat ion 
occurs natural ly  as 
f locculated par t ic les 
set t le out  of  the 
water.

Filtration:   Many 
water t reatment 
faci l i t ies  use 
f i l t ra t ion to remove al l  par t ic les f rom the water.  Those 
par t ic les inc lude c lays and s i l t s ,  natural  organic 
mat ter,  precipi ta tes f rom other t reatment processes in 
the faci l i t y,  i ron and manganese, and microorganisms. 
Fi l t ra t ion c lar i f ies water  and enhances the 
ef fect iveness of  d is in fect ion.

Ion Exchange:   Ion exchange processes are used 
to remove inorganic contaminants i f  they cannot be 
removed adequately  by f i l t ra t ion or sedimentat ion. Ion 
exchange can be used to t reat  hard water.  I t  can also 
be used to remove arsenic,  chromium, excess f luor ide,  
n i t rates,  radium, and uranium.

Absorption:   Organic contaminants,  unwanted 
color ing, and tas te -and-odor-causing compounds can 
s t ick to the sur face of  granular or powder act ivated 
carbon and are thus removed f rom the dr ink ing water.

Disinfection (chlorination/ozonation):   Water 
is  of ten dis infected before i t  enters  the dis t r ibut ion 
sys tem to ensure that  potent ia l ly  dangerous microbes 

are k i l led.  Chlor ine,  chloramines,  or  chlor ine diox ide 
are most  of ten used because they are very ef fect ive 
dis infectants ,  not  only at  the t reatment plant  but  
a lso in the pipes that  d is t r ibute water  to our homes 
and businesses.  Ozone is  a powerfu l  d is in fectant ,  
and ul t rav iole t  radiat ion is  an ef fect ive dis infectant  
and t reatment for  re lat ive ly  c lean source waters,  but  
nei ther of  these are ef fect ive in control l ing biological  
contaminants in the dis t r ibut ion pipes.

Monitoring Water Quality

Water sys tems moni tor  
for  a wide var ie ty  of  
contaminants to ver i fy  
that  the water  they 
provide to the publ ic 
meets al l  federal  
and s tate s tandards.  
Current ly,  the nat ion’s 
communi ty  water  
sys tems (CWSs) and 
nontrans ient  non-
communi ty  water  
sys tems (NTNCWSs) 
must  moni tor  for  more 
than 83 contaminants.  
The major c lasses of  
contaminants inc lude 
volat i le  organic 
compounds (VOCs),  
synthet ic  organic 
compounds (SOCs),  
inorganic compounds 
( IOCs),  radionucl ides,  

and microbial  organisms ( inc luding bacter ia) .  Tes t ing 
for  these contaminants takes place on vary ing 
schedules and at  d i f ferent  locat ions throughout the 
water  sys tem.

Transient  non-communi ty  water  sys tems may moni tor  
less f requent ly  and for fewer contaminants than CWSs. 
Because these types of  sys tems serve an ever-changing 
populat ion, i t  i s  most  important  for  them to moni tor  
for  contaminants such as microbiologicals  and ni t rate 
that  can cause an immediate,  acute publ ic  heal th 
ef fect .  Water sys tems also moni tor  for  a number of  
contaminants that  are current ly  not  regulated. These 
moni tor ing data provides the basis  for  ident i fy ing 
contaminants to be regulated in the future.

Distribution to Customers

An underground network of  p ipes typical ly  del ivers  
dr ink ing water to the homes and businesses served 
by the water  sys tem. Smal l  sys tems serv ing jus t  a 

The Water Cycle - Drinking water can come from both sur face water 
and ground water. The water cycle begins with rainwater and snow melt 
that gathers in lakes and rivers which interact with ground water.
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Storage: Water is placed in 
a closed tank or reservoir 
for disinfection to take 
place. The water then flows 
through pipes to homes 
and businesses in the 
community.

Source: AWWA Drinking Water Week Blue Thumb Kit

Filtration: The water passes 
through filters, some made 
of layers of sand, gravel, and 
charcoal that help remove 
even smaller particles.

Sedimentation: 
The heavy particles 
(floc) settle to the 
bottom and the 
clear water moves 
to filtration.

Disinfection: A small amount of chlorine is added or 
some other disinfection method is used to kill any 
bacteria or microorganisms that may be in the water.

Coagulation removes dirt and other particles suspended in 
water. Alum and other chemicals are added to water to form 
tiny sticky particles called “floc” which attract the dirt 
particles. The combined weight of the dirt and the alum 
(floc) become heavy enough to sink to the bottom during 
sedimentation.

Lake or Reservoir

Water Treatment Plant

Follow a drop of water from the source through the treatment process. Water may be treated dif ferently in 
dif ferent communities depending on the quality of the water which enters the plant. Groundwater is located 
underground and typically requires less treatment than water from lakes, rivers, and streams.

handful  of  households may be re lat ive ly  s imple.  Large 
metropol i tan water  sys tems can be ex t remely complex 
.  somet imes wi th thousands of  mi les of  p ip ing serv ing 
mi l l ions of  people.  Al though water may be safe when 
leaving the water  t reatment plant  i t  i s  important  to 
ensure that  th is  water  does not  become contaminated 
in the dis t r ibut ion sys tem because of  such th ings as 
water  main breaks,  pressure problems, or growth of  
microorganisms. Much of  the ex is t ing dr ink ing water 
in f ras t ructure was bui l t  many years ago. The US 
EPA Inf ras t ructure Needs Survey,  re leased in 2001, 

es t imated that  dr ink ing water sys tems wi l l  need to 
invest  $150.9 bi l l ion over a 20 year per iod to ensure 
the cont inued source development,  s torage, t reatment,  
and dis t r ibut ion of  safe dr ink ing water.  Many agree 
th is  i s  a very conservat ive low es t imate.

For More Information

To learn more about dr ink ing water t reatment 
and t reatment techniques,  cal l  the Safe Dr inking 
Water Hot l ine at  1-800-426-4791 or v is i t  the 
safewater web s i te at  www.epa.gov/safewater .

 

  

 


